Glutamate-dependent glutamine, aspartate and serine release from rat cortical glial cell cultures.
Glia play a pivotal role in glutaminergic excitatory neurotransmission in the central nervous system by regulating synaptic levels of glutamate and by providing glutamine as the sole precursor for the neurotransmitter pool glutamate to neurons through the glutamate-glutamine cycle. In the present investigation, we examined the influence of glutamate application on glutamine, serine and aspartate release from rat cortical glial cultures. The glial glutamate transporters rapidly cleared exogenously applied glutamate and this was accompanied by rapid increases in aspartate and glutamine, and a delayed increase in serine levels in the glial-conditioned medium. While glutamate-induced increases in glutamine and serine were sustained for up to 24 h, increases in aspartate lasted only for up to 6 h. The glutamate-induced increases in aspartate and glutamine were dependent both on the concentration and the duration of glutamate stimulus, but were largely insensitive to the inhibition of non-N-methyl-D-aspartate receptors or the metabotropic glutamate receptor 5. Inhibition of the glutamate transporter function by L-trans-pyrrolidine 2,4-dicarboxylate decreased the rate of glutamate uptake but not completely abrogated the uptake process, and this resulted in the attenuation of rate of glutamate induced glutamine synthesis. Dexamethasone treatment increased serine and glutamine levels in conditioned medium and increased glutamate induced glutamine release suggesting an upregulation of glutamine synthase activity. These results further substantiate coupling between glutamate and glutamine, and shed light on glutamate-dependent release of serine and aspartate, which may further contribute to excitatory neurotransmission.